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Stenting of superior vena cava and inferior vena
cava for symptomatic narrowing after repeated
atrial surgery for D-transposition of the great
vessels

Pascal Chatelain, Bernhard Meier, Beat Friedli

Abstract
Double venous stenting of the superior
vena cava and inferior vena cava was
successfully performed after failed
balloon angioplasty in a young woman
who had venoatrial narrowing and kink-
ing after repeated Mustard procedure
for D-transposition of great vessels.
Self-expanding metallic stents were
used. Angiography showed that the first
stent was fully patent after six months
when a second stent was implanted. This
operation was followed by sustained
clinical improvement.
The present report shows the

feasibility and success of stenting of the
great veins when postoperative narrow-
ing or kinking is unresponsive to balloon
angioplasty alone.
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The benefits of balloon angioplasty of elastic
or fibrous postoperative venous lesions are

often short-lived. Stenting of these vessels,
initially tested by Maass and coworkers in the
late 1970s,' is an alternative approach-as it is
in various vascular beds. This technique, with
or without balloon angioplasty, has been used
in several clinical situations2' and small
series.56

Despite low velocity blood flow, stented
veins seem to be able to remain patent. Long
term patency of venous stents seems to be
influenced by previous thrombosis or

occlusion of the vesssel,2 but no series includ-
ing long term follow up has been published
until now.

Intimal proliferation with narrowing of the
lumen within the device has been described as
another consequence of stenting. This phen-
omenon seems to be more pronounced in
veins than in arteries and is related to the stent
design. Oversizing of the stent with stretching
of the vessel could trigger this phenomenon.7

Obstruction of the superior vena cava and
inferior vena cava is a classic complication
after Mustard repair for transposition of the
great vessels.89 Balloon dilatation may
successfully relieve such stenoses.'°
We report a case in which double venous

stenting was used for recurrent postoperative
narrowing of the superior vena cava and
inferior vena cava at the venoatrial junction
after an unsuccessful attempt at balloon
dilatation.

Case report
A 17 year old girl had undergone balloon
atrial septostomy (Rashkind manoeuvre) with
good clinical improvement for D-transposi-
tion of the great vessels diagnosed at the age of
6 days.
At 4 months she showed clinical deteriora-

tion with hypoxia and convulsions and right
hemiplegia secondary to a stroke developed. A
palliative surgical atrial septostomy (Blalock-
Hanlon operation) was performed without
appreciable clinical improvement. Therefore,
complete surgical correction with atrial recon-
struction (Mustard operation) was carried out.
A Dacron baffle was used.
The following 10 years were free of impor-

tant cardiovascular events. An epicardial per-
manent pacemaker was implanted for sick
sinus syndrome when she was 11.
When she was 14 ankle oedema was seen

and new cardiac investigations were perfor-
med. At catheterisation significant pressure
gradients were found at the left pulmonary
venoatrial junction (13 mm Hg) and at the
inferior cavoatrial junction (7 mm Hg). Four
months later clinical deterioration was seen
with dyspnoea and recurrent haemoptysis. A
new Mustard operation was performed rather
than balloon angioplasty, which generally
gives poor results in pulmonary venous obs-
tructions." Bovine pericardium was used for
the new baffle. Several weeks after the second
surgical intervention generalised oedema and
ascites developed, which were attributed to
impaired systemic venous return. At catheter-
isation important narrowing of the superior
vena cava and inferior vena cava was seen at
the venoatrial junction. Balloon angioplasty
was performed with moderate immediate suc-
cess (residual gradients more than 3 mm Hg)
because of the great elasticity of the venous
walls.
At the age of 17 the patient was readmitted

with recurrent severe generalised oedema and
ascites. Catheter studies showed recurrent
severe narrowing of the superior vena cava
(gradient 12 mm Hg) and moderate narrowing
of the inferior vena cava (gradient 8 mm Hg).
Injection of contrast medium into the superior
vena cava showed that there was no flow
through the venoatrial junction and there
were collateral vessels to the inferior vena cava
and right atrium through the azygos vein,
which appeared to be dilated (fig lA). Injec-
tion of contrast into the inferior vena cava
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Stenting of superior vena cava and inferior vena cava

Figure 1 Angiogram of
the superior vena cava
showing (A) lack offlow
at the cavoatrialjunction
and collateralisation
through the azygos vein
(lateral view) and (B)
good passage of contrast
medium through the stent
and disappearance of
collateralisation.

Figure 2 Angiograms of
the inferior vena cava (A)
showing that it was dilated
with significant narrowing
caused by kinking at the
cavoatrial junction
(anteroposterior view)
and that narrowing and
kinking disappeared (B)
after stenting of the vessel.
The stent implanted six
months earlier in the
superior vena cava is also
visible.

showed dilatation of that vessel' and supra-
hepatic veins and significant narrowing of the
venoatrial junction (fig 2A).

For the interventional procedure, a new
femoral venous access was established with a
14F short introducer (Schneider). A steerable
0 035 inch J exchange 6 cm flexible tip "back-
up" guide wire (Schneider) was introduced
into the superior vena cava. This allowed easy
positioning of a 3 x 9 mm trefoil balloon
catheter (inflated diameter about 16 mm).
Four successive balloon inflations at 4, 8, 8,
and 9 atmospheres were performed. A persis-
tent pressure gradient of 8 mm Hg between
the superior vena cava and the right atrium
persisted but there was angiographic im-
provement. We decided to stent the narrow-
ing. This was achieved with a 9F Wallstent
(Schneider) (unconstrained diameter 16 mm;
length of 40 mm). This system consists of a
stainless steel multifilament, self-expanding,
flexible, macroporous stent that is constrained
by a doubled-over membrane and mounted on
the delivery catheter. Heparin (2000 IU) was
injected intraveneously before the stent was
correctly positioned and the constraint
released under fluoroscopic control. The stent
was further dilated with the previously used
trefoil balloon inflated to 9 atmospheres.
Angiography showed a satisfactory result (fig 1
B) and the final pressure gradient between the
superior vena cava and the right atrium was 1-
2 mm Hg.
A first attempt at dilatation of the inferior

vena cava with the 3 x 9 trefoil balloon
produced no improvement. Further dilatation
was then performed with a lOF 3 x 12
balloon (inflated diameter about 20 mm)
introduced through a 16F introducer. Two
inflations at 5 and 6 atmospheres (balloon
ruptured) produced some angiographic
improvement but the pressure gradient was
still 5 mm Hg. There was clinical
improvement in the next few days and the
patient was discharged and treated with low
dose diuretics and oral anticoagulant for three
months.

Six months later lower body oedema and
ascites recurred. There were no clinical signs
of obstruction of the superior vena cava.
Angiographic assessment of the stent placed
six months earlier in the superior vena cava
*;howed that it was still in place at the veno-
atrial junction and that it was patent. The
pressure gradient at this level was only 1 mm
Hg. Angiography showed that the inferior
vena cava, dilated six months earlier, was
significantly narrowed and that there was a 7
mm Hg pressure gradient. The vessel seemed
to be kinked rather than circumferentially
narrowed (fig 2, A). We decided to stent the
inferior vena cava. A Wallstent identical to the
one in the superior vena cava was positioned
in the inferior venoatrial junction without
prior balloon angioplasty. After release,
dilatation of the stent with a trefoil balloon
3 x 10 mm (inflated diameter about 17 mm) at
5 atmospheres allowed further widening and
shortening of the stent. Angiography showed
a successful result (fig 2B). There was no
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residual pressure gradient after the procedure.
The patient did well afterwards. Three days
later ascites and ankle oedema had disap-
peared and the dose of diuretics could be
considerably reduced. The patient was dis-
charged and treated with coumadin for three
months.

Five months later she was symptom free
and had no signs of impeded systemic venous
return. Her physical activities were consider-
ably improved and she was about to start her
first job.

Discussion
Narrowing of the superior vena cava and
inferior vena cava is a recognised complication
after Mustard repair of transposition of the
great vessels. Balloon dilatation can be
successful, but because it failed in the present
case we decided to implant a stent.
This case of recurrent important post-

operative narrowing of the vena cava gave
useful information on the feasibility and out-
come of balloon angioplasty and stenting of
large veins. Immediate elastic recoil of venous
tissue is invariably seen after balloon angio-
plasty but in this case the non-distensibility of
the bovine pericardium used for Mustard
repair may also have contributed. Though the
narrowing of the superior vena cava was
clearly circumferential that of the inferior
vena cava seemed to be mainly caused by
kinking. This may explain why the intrinsic
expansion force of the stent opened up the
narrowing. None the less, balloon dilatation of
the stent further increased the diameter.
The excellent patency of the stent implan-

ted six months earlier in our patient suggests
that the risk of subsequent thrombosis or
narrowing is low. Angiographic follow up of
the second stent is not available but the con-
siderable and sustained clinical improvement
more than five months after implantation
probably indicates patency of the device.
A review of reported small series245 and

cases' 2-14 of venous stenting shows that the

underlying anatomical conditions partly
determine the long term patency of the device.
Narrowing of the vessel without an underly-
ing fibrotic, thrombotic, or infiltrative process
is probably the best condition for long term
stenting.
The implantation of a stent may prove to be

the best treatment for symptomatic venous
narrowing after Mustard operation.
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